This paper discusses the combination of learning factories and situated (on-the-job) ICT-based social learning, as well as the didactics of learning factories and ICT-based situated learning. Moreover, a case study at the Lean Lab -learning factory in Norway is described, with results from questionnaires sent participators/students about the learning outcome in the lifelong learning aspect. Three managers where asked to what extent their company benefited from the lean lab workshops. The paper suggests an enhancement of the learning factory with an online course before and after the lean lab workshop session. This can both make the simulations at the learning lab more effective as well as enhance the usefulness of the learning into positive change for the companies.
Introduction

Learning Factories
Both manufacturing and learning paradigms will be affected by digitalization in the future, with increasing possibilities for data collection, analysis, modeling, simulation, optimization and communication. Future manufacturing systems will be "Cyber Physical Systems" combining computational elements, physical elements, software and humans. Some call this trend the 4th industry revolution, or Industry 4.075. Similarly, technology is an ever more relevant and important factor in teaching and learning in general. There is, however, still a need for social and practical training and technology is not a substitute for this, but a range of different tools that can enhance learning and increase students' learning space [1] . To meet manufacturing industries' demand for knowledge and innovations in the age of Industry 4.0, learning factories are established in many educational and industry organisations [2] [3] [4] . [2] . [5] Didactic methods and mind-sets must be a part of a learning factory, as it is for all learning processes, but review shows that there is still a lack of research conducted on learning and teaching methods in these learning facilities. Consortiums have explored and decided on the morphology, and the focus is on practice-oriented learning processes [2, [6] [7] [8] [9] [10] [11] [12] , but the effects on learning outcome and best didactical approaches are not well mapped yet, although there was increased focus in 2015 [13, 14] . And one can also debate whether the learning factories are focusing too much on efficiency, as in reducing production costs, rather than human needs and demands [8] .
The main goals of learning factories are either technological and/or organizational innovation (if used for research), or an effective competency development (if used for education and training)"
Learning factories have a natural place in future lifelong learning, but has potential for being a more efficient learning approach if being a part of a broader educational context. One example is the modern workplace learning framework ( Figure 1 ) [15, 16, 5] The framework is based on, amongst others, analyzes of changes in top 100 learning tools during the last nine years. One conclusion from this work was that learning on the web is different from traditional learning in many ways as it is:
• continuous • on demand • takes place in short bursts • takes place on the go and in the flow of work
respondents were asked what type of activities give most value at work, and activities that are autonomous, as in self-organized by individuals and teams and social, meaning learning with and from one another in the workplace were highest rated. Conventional learning factories could be used in all these different practices together with ICT -based workplace learning.
ICT based situated learning
ICT has a natural place in today's education and knowledge creation, but the implementation has far from satisfied the involved participants [17] . The ability to collaborate is highly acknowledged and wanted by employers, and teamwork and communication must be facilitated in the future work places [18] . "The 2012 NMC Horizon Report" say that it is a normal expectation that humans will be able to work, learn and study independent of time and space. And the 2014 report states that: "the "social" of learning will emerge even more and that "collaborative learning" actually is decisive in order to succeed in education in the future." These trends are continuing in the 2015 report as well [18] [19] [20] .
ICT-based learning has gone from being closed off and individual focused to being a social learning arena where sharing is essential and the learner's needs are at the center, not the technology [21] . There are versatile expectations when it comes to implementation and use of ICT in lifelong learning;
• increased learning as an effect of access to more data and knowledge • more efficient learning • learner focused learning activities • new learning environments with higher degree of collaboration/cooperation • more opportunities for critical thinking and analytical approaches
Other aspects are increased learner motivation /-productivity and autonomy [22] .
Services through web 2.0 and web 3.0, also called semantic web, make it possible to share infinite amounts of multi-medial learning resources. More effective and efficient learning processes can be obtained by utilizing ICT, but not without support, reviews show that learning activities as social interactions guided by a teacher, has had the greatest impact on learning outcome, significantly bigger than other methods [23] . Another significant finding is that the more interaction and working with curriculum, the more you learn [24, 25] , a mechanism ICT-supported learning can enhance when implementation is well planned.
Development of ICT-supported learning is closely linked to the available technology in time, and its affordances, rather than looking at educational research and needs [25] . A Norwegian monitor [26, 27] on use of ICT in teaching and learning in higher education shows that there is a slight increase in usage of technology in education, but there is no increase in well-planned didactical teaching/learning resources. In 2010 it was stated that "in Norway there is a one-sided focus on tool competency and a random approach: a "try and fail"-strategy when it comes to educational technology" And there is not much evidence on this having changed [28] .
A review of "all" research on ICT and learning since the millennium [25] found that collaborative learning is efficient if the participants engage at a more advanced taxonomic level. Collaborative learning can lead to a deeper form of learning; ability of critical thinking; understanding, decision making and even longer memory spans. Research has then seemingly started to focus on how to control the learning processes in order to achieve wanted results/ effects [25] .
A growing number of social networks and other web 2.0 and 3.0 services can be used for flexible and informal learning and provide access to experts and peers. Workers can thus set up their personal learning environments (PLEs) according to their interests, learning styles and ambitions. This is both an opportunity and a challenge for the individual learner. Large enterprises have the power to develop internal personal learning environments; SME's have to utilize more or less ready-made solutions [29] . This does not need to be looked upon as a negative; it can give room for more open learning processes. Open educational resources (OER) are freely accessible documents and media resources for teaching, learning, education, assessment and research purposes.
Lifelong learning
How can the future, competitive, sustainable industry attract and support competent and engaged employees that partake in improvement and growth processes? Learning is a basic human need, and lifelong learning is a key element for a good work life. Lifelong learning is defined by the European Commission as "all learning activity undertaken throughout life, with the aim of improving knowledge, skills and competence, within a personal, civic, social and/or employment-related perspective" [30] . According to the USBM consortium [31] lifelong learning is not widely implemented yet, but embraced all over Europe. And "…Workers must strengthen their critical thinking, embrace technology, and become lifelong learners…". "Learning is not only a human activity that is escaping from the classroom but also one that is being recognized as happening more in sites such as the workplace and home where it has always taken place" [32] . Formal learning plays a minor part in the networked workplace, a norm is that about 80% of workplace learning is informal [33] . Informal learning is a broad expression, which describes a "wide range of new approaches to workplace learning…" [16] . Both informal and formal learning are important in the cycle of lifelong learning. Situated learning, i.e. learning in the particular environment where it also is going to be applied, first presented by Lave and Wenger [34] in Communities of Practice. CoP is defined as "tightly-knit groups that have been practicing long enough to have developed into a cohesive community, which provides a sense of belonging, commitment, and shared identity" [35, 34, [36] [37] [38] . The idea behind CoP is that the organization or business must organize the workplace so that the employees can learn, act and make decisions based on their own competencies [38] . Hart [39, 15, 16, 5] emphasizes the importance of supporting informal learning rather than "managing" it.
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Case study: Lean Lab Norge AS
Description of Lean Lab Norge
Lean Lab Norge AS is a learning factory focusing on teaching lean principles through a full-scale simulator. Lean Lab is situated at the Raufoss industry park and was founded in 2009. The owners are a number of industry partners, SINTEF and NTNU. The learning factory falls into Abele et al's [2] "Industrial application scenario" but it could be argued to be partially in the "Consultancy application scenario" due to the heavy involvement of SINTEF. Lean lab would mainly be placed as "Company funds, single events, course fees, education, manufacturing, cognitive, closed scenario, brownfield, onsite learning" in the described morphology (ibid).
Students/participants are working in three or four teams doing one-day simulations at Lean Lab. Most of the groups attending are employees in manufacturing industry, but there are examples of groups from healthcare, public service and other sectors. NTNU is using the Lean Lab for its campus students as high-fidelity training simulations on both master-and bachelor levels. The groups can be unified all-from-one-organization, or it can be a mix of different organizations. Each team will be in charge of equal simulated manufacturing line making a wooden house mockup product. The lines resemble a real manufacturing line including a shop floor data collection and visualization (Andon) system. The lean tools such as JIT, Andon, Hijunka, PokaYoke and 5S [40] are important aspects, but the main focus is on productivity, safety and quality. For each team there is a dedicated supervisor from Lean Lab who facilitates the learning process. There is an element of competition between the teams, but also collaboration within and between the teams. The simulation starts with an introduction to lean and lean tools, and an introduction to the simulator. Each student will have a dedicated workplace throughout the simulations, doing transportation tasks, assembly and quality assurance. Between each round there is time for reflection and planning of improvements that are applied in the next round. The Lean Lab follows thus the experimental learning cycle as described by Pfeiffer et al. [41] Figure 3. Experimental Learning Cycle [41] . Table 1 shows how Lean Lab workshops or courses are set up according to the learning cycle stages from Pfeiffer's model. In the first round the work instructions are pre-fixed and non-optimum. The teams will typically fail to reach the targets because of unbalance, waiting time, lack of inventory and defects. After first round each team reflect on failures, bottlenecks etc. of the previous round through a dialogue in the group including the supervisor who facilitate the discussion; a guided social interaction [23] , giving hints about the lean tools, but the purpose is that the teams come up with clever ideas themselves. Based on their reflections, the teams will rewrite and apply revised work instructions. This is repeated between the second and the third round where the supervisors also encourage discussions between the different teams. After the end of round three there will be time for reflections and a summary of the achievements during the day. 
Learning outcome assessmentß
At the end of a Lean Lab -workshop, the students/ participants answer a short questionnaire on their satisfaction. The authors of this paper wished, however, to investigate if the Lean Lab workshops have contributed to changes in the organization: To what extent has the learning factory experience resulted in improvements and change in the organization of the participants? And is the Lean Lab workshop only a "happening" with personal learning outcome, but difficult to convert to practical actions and implementation afterwards in the company?
Three managers in companies who had groups of employees on a lean lab workshop in the past where questioned on the long-term results. The selected managers were:
• The CEO of a large company manufacturing electronics (circuit boards) • The Vice President of supply chains in a large company manufacturing maritime electronics • The director of operations in a medium size company manufacturing products to the defense sector.
Typical questions were on to what extent the workshop has resulted in implemented/ improved lean principles in the company, if manufacturing and/or administrative processes has been improved, successful standardization, reduction of lead times, improved productivity and quality. All three managers where positive to the outcome of the Lean Lab workshop, and believed the workshop had contributed to improvements in the company. Establishment of continuous improvement culture, less sick leave, improvements on safety, quality and productivity (cutting cost) were mentioned as effects.
The authors also made a questionnaire based survey among students attending the workshop, where thirteen of 17 students responded. The questionnaire asked for the learning outcome some time after the workshop, and the responses where mainly very positive. A typical answer from the students was that the Lean Lab workshop gave them a better overview and a framework on the lean paradigm, useful as later reference. On the statement "group activities during the workshop enhanced my personal learning", all except one, agreed. "The workshop offered diverse ways of assessing my learning" gave, on the other hand, more mixed answers as half of the students disagreed or were not satisfied. A couple of comments from the students exemplifying their perceived learning outcome "I compared my understanding of Lean principles before and after workshop. After the workshop I am able to understand the importance of Lean principles in practice" and "It helped me to understand that group work is more important and step-by-step process can help us to do work more effectively".
Discussion of the case results
The outcome of the interviews and survey on the (perceived) learning outcomes shows a general satisfaction to the Lean Lab learning outcome. This is the case for the companies investing in one day at Lean Lab (according to the managers questioned), as well as the individual students. The individual perception of the learning outcome and the mainly positive outcome can have several reasons (in addition to that they did really learn a lot): It was a social event, with aspects of (friendly) competition, a sense of achievement. While campus students felt a sense of "real world manufacturing" in spite of being a simulation, this was not the case for the lifelong learning students, as they came from industry or other workplaces. Still they where positive to the simulation and accepted this as a valuable learning experience. The students gave more mixed response to the question about "diverse ways of assessing my learning", "enough opportunities [..] to find out if I clearly understand lean principles" and "opportunity to discuss the lean principles with colleagues". In other words, some of the students did feel the learning was too unidirectional and with less opportunities to discuss and get feedback. The main reason for this is probably the one-dayonly time constraint as well as the necessary rigidity in the direction of the simulation. Moreover can, of course, this type of simulation not cover all parts of the lean paradigm, and aspects such as lean organization/leadership, flexibility/fast changeovers etc. where not covered.
Regarding the effect on the improvement in the attending companies, it should be treated with care. It is difficult to distinguish the effect of the workshop from the combined effects of all improvements measures in the company. The decision to attend the Lean Lab workshop is usually not isolated, but a part of a lean improvement program. The workshop is, however, acknowledged to be a valuable method for learning of lean principles.
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Combining learning factories and online courses
As described, both students attending the Lean Lab and the companies choosing to use the Lean Lab, had predominantly a positive impression of the learning outcome. The social aspect of learning and the way the simulation connects theory with practice and learning-by-doing are probably some of the main reasons for the success. A literature review on "learning factories" and evaluation of "learning outcome", where the purpose was to find to what extend there are studies made on learning effects of the morphologies and frameworks that are developed for learning factories, show that there is a lack of research on this, with some exceptions [13] . The didactic "what's" and also "how's" of learning processes are work well in progress in learning factories, but knowledge on why we do it exactly like this can still be explored more, and most essential; the effect on students' learning outcome of our teaching methods in learning factories, needs to be further explored. We know what we want to teach and how to do it, but we don't really know whether these methods are the best or the most efficient.
Recent studies of simulation in nursing education show that students do learn and that the theory-practice gap is closing up. And high-fidelity simulations create enthusiasm and inspiration, which are important features in good learning environments [42] . These are mechanisms we believe are recognized in manufacturing simulations as well. But learning is rarely a one-day happening, learning theories show, on the other hand, that learning often needs repetition and maturation and a one-day-only workshop has its pitfalls in this perspective.
Marstio and Kivelä found that learning environments that include "social networking services offers an open learning environment supporting both formal learning in educational institutions as well as informal lifelong learning in SMEs" [43] . The authors argue thus that a combination of an online course in combination with the workshop is likely to enhance the learning outcomes, both for the individuals and the companies. This combination would also allow a less unidirectional learning, cover more aspects on lean, give the students more feedback and possibility do discuss and reflect. In short: it can be a way to improve on those areas where the students' responses were more mixed. Figure 4 shows a possible structure of a combined course. The idea is to combine on-site online learning with the learning factory workshop. Prior to the workshop the students can view recorded lectures, attend online tutoring (synchronous or asynchronous through a blog/forum). The main idea is to prepare the students theoretical background for the workshop. Students will be in different levels and through selection of the lectures etc. can all students be more on level before the workshop. Some of the later lectures can focus on practical issues of the forthcoming workshop to prepare the students. Prior to the workshop there could be a multiple-choice online test or similar, and it could be a prerequisite for attending the workshop that this test is passed. The main reason for this test is to ensue that students are prepared to the workshop.
At the workshop day, the before mentioned orientation and clarification can be shortened and just a quick repetition, using for instance student response -systems (SRS) like Kahoot or Socrative, and then reduce the one-tomany teaching and rather focus on potential collaborative social learning aspects of the simulation rounds. This is a somewhat similar approach as the flipped classroom approach [44] .
After the workshop the course can continue with reflections and discussions. We propose to challenge the students with a mini-project based in the needs of their own workplace. The idea is lead the students to reflect on how the knowledge gained through the first steps of the course and the workshop can be applied in their own companies.
Conclusions
This paper describes a case study of the Lean Lab Norge learning factory at Raufoss industrial park in Norway. The perceived learning outcome for the participants was assessed through discussions and questionnaires. The paper suggest a combination of the social synchronous learning in the Lean lab simulator and an asynchronous online course, where students can both prepare for the simulation beforehand, as well as discus and reflect afterwards. 
